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Chapter I- Statement of the Problem 
 
Promoting growth in preterm infants, those born before 38 weeks gestation, is a 
difficult challenge in the neonatal intensive care unit (NICU).  By the time these infants 
are discharged from the NICU, their attained weights are significantly below the 10
th
 
percentile (Clark, Thomas, & Peabody, 2003; Fanaroff et al., 2007).  Growth faltering 
begins during the first few weeks of life.  One of the most important reasons is the 
difficulty in providing adequate nutrition to these infants.  Researchers have 
demonstrated that extremely preterm infants are often undernourished and develop 
significant calorie and protein deficits (Ernst, Radmacher, Rafail, & Adamkin, 2003; 
Grover, Khashu, Mukherjee, & Kairamkonda, 2008).   
An important cause is the lack of agreement with how these infants should be 
nourished, both parenterally and enterally (Uhing & Das, 2009).  Findings from a recent 
survey indicated that variability exists across NICUs in relation to nutrition practices 
(Hans et al., 2009; Olsen et al., 2002). This variability may be impeding improvement in 
neonatal nutrition practices that could benefit preterm infants and their growth.  
Chapter II- Review of the Literature 
Every year approximately 560,000 preterm infants are born ( ). One of the most 
important issues for these infants is promoting adequate growth, which is crucial for 
proper skeletal and neurological development. It has been found that about 97% of 
extremely preterm infants develop a significant growth deficit by the time they are 
discharged from the hospital, attaining weights below the 10
th
 percentile (Ehrenkranz, et 
al., 2006). A growth trajectory below the 10
th
 percentile is consistent with IUGR 
(intrauterine growth retardation). Proper nutritional intake is viewed as the most 
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important strategy to promote adequate growth and much is currently being written about 
defining adequate nutrition (Thureen, 2007; Ziegler, 2007). However, despite the 
increased attention to this issue, there is a lack of consensus regarding what comprises 
adequate nutrition. In fact, no established standard measure of growth for the first 28 days 
of life exists (Olsen et al, 2002). Adding to this dilemma, a national survey and results 
from nutrition research indicate that variability exists across NICUs regarding nutrition 
practices including feeding by special routes (Hans et al., 2009; Olsen et al., 2002). 
Likewise, aggressive nutritional strategies have not resulted in a significant improvement 
in growth (Thureen, 2007; Ziegler, 2007). An important question, then, is whether this is 
a function of the variability in how growth is being quantified.   
Growth is often used as the primary outcome in nutrition research. However, 
researchers do not agree on how to define growth. For example, there are discrepancies as 
to how to calculate growth velocity and which growth reference to use. Until researchers 
can agree about how to measure growth, nutrition practices will most likely not change, 
growth for these infants will not improve, and medical costs and morbidity will continue 
to rise.  
Purpose of Study 
 
The purpose of this study was to review neonatal nutrition research from the last 
ten years and examine how growth was operationalized. Discrepancies and 
inconsistencies in the data were examined and possible effects on practice considered in 
order to make a subsequent recommendation.  
Significance of Study 
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After examining these characteristics of growth, implications for neonatal 
nutrition research were explored. The possibility exists that the applicability of findings 
from neonatal nutrition research are not generalized and embraced by clinicians due to 
the way growth outcomes are defined. If this is the case, then it is extremely difficult to 
make changes to neonatal nutrition regimens and actual nutrition practices in hospital 
NICUs. Not only does this affect the preterm infants being studied, but it also carries a 
large financial burden associated with the increased cost accompanying the infant’s 
increased hospital stay and medical expenditures.  
Research Questions 
 
The study will attempt to answer the following questions?   
- How are researchers measuring growth in neonatal studies?  
- How are researchers reporting growth in neonatal studies?  
- Are SGA infants included in the studies? 
- Are researchers using growth references to categorized infants as SGA?  
- If yes, do researchers specify which growth reference was used? 
- How much variability actually exists in the literature for measuring and reporting 
growth in neonatal nutrition studies? 
Definition of Terms 
 
Preterm infant- infant born before 38 weeks gestation 
 
Chapter III- Methodology 
 
Research Design 
 
In order to gain information about the variability that exists in reporting growth 
measures across neonatal nutrition studies, a quantitative study that synthesized 
6 
information from existing nutrition studies was conducted. An extensive literature search 
using PubMed, MEDLINE, and CINAHL spanning the past ten years was conducted in 
order to find neonatal nutrition studies with following criteria: sample only included 
preterm infants, nutrition was manipulated as a variable, and growth was included as a 
primary outcome variable. From this search, twenty-five articles were deemed 
appropriate for use in this study. A collection grid was then created in order to abstract 
the data from the article for analysis. Data included: growth parameters (i.e. height, 
weight, lower leg growth rate, tyrosine and thyroxine levels, and head circumference), 
how growth velocity was calculated (including starting point), how the researchers 
defined ‘preterm’ (i.e. by birth weight and/or gestational age), growth reference used, 
methods of stratification (i.e. by birth weight or gestational age) if applicable, and 
whether the sample included small for gestational age infants. It was hypothesized that 
significant variability would exist across studies in terms of how growth was measured 
and reported, how ‘preterm’ was defined, and how the different researchers decided to 
stratify their samples. Likewise, it was hypothesized that most studies would not identify 
what growth reference was used to determine whether an infant was ‘preterm’ and how 
growth was measured.  The data was reported in frequencies and percentages in order to 
make useful comparisons among the studies.  
Chapter IV- Research Results 
 
Twenty-five neonatal nutrition articles were included in this research study. The 
articles were deemed representative of all neonatal nutrition studies since they span the 
past ten years and include all studies where growth was measured, reported, and 
considered an important outcome variable. Anthropometric indices of growth included in 
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the research, aside from weight, were: head circumference, length, lower leg length, 
middle arm circumference, and triceps. Across the twenty-five studies, seven different 
indicators of weight were reported, including: z-scores, grams, grams/day, 
grams/kilogram/day, % change, attained weight, and EUGR (extra uterine growth 
retardation). It was also determined that across studies, researchers used a mean of 2.84 
+/- 1.7 indicators and a range of 1-8 indicator(s) to analyze growth.  
 SGA infants were included in 56% of studies, while they were excluded from 
16% of the studies. In 28% of the studies, researchers were unclear or did not specify 
whether or not SGA infants were included.  Of the 56% of studies that did include SGA 
infants, only 14.3% specified that a growth reference was used to determine whether birth 
weight was appropriate for gestational age or not.  
 
Chapter V- Summary, Conclusions, and Recommendations 
 
It is clear from the literature that growth is an important outcome variable being 
examined in neonatal nutrition studies, with weight being the primary measure. Across 
studies, significant variability exists in relation to measuring and reporting growth. This 
was particularly true for indicators of weight gain. The result is that this variability will, 
and is, limiting the ability to compare findings across studies, as well as to replicate 
studies. The inclusion of SGA infants in these studies is also an important factor affecting 
measures of growth, since infants who are SGA grow differently than infants who are 
AGA. Most infants born SGA have experienced intrauterine growth restriction and have 
the potential for catch-up growth, the return towards one’s original growth channel. 
However, the extent, speed, and time of onset of catch-up growth are variable and 
unpredictable, leading to altered growth trajectories (Ziegler, 2007).  
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A possible limitation of this study is the small sample size. However, this could 
not be corrected since limited research exists, in general, related to neonatal nutrition and 
growth.  
Recommendations  
 
It is evident that nutritional intake and growth of preterm infants will not improve 
if there continues to be a lack of uniformity in relation to measuring growth. Growth 
measures across neonatal studies should be standardized. Likewise standardization needs 
to exist in defining the term ‘preterm’, calculating growth velocity, measuring and 
reporting growth and weight gain, and in the use of growth references and how they are 
reported in the literature.  
Several of these needs can be fulfilled by NICU nurses. The growth of the infant 
is ultimately the responsibility of the health care team that is caring for him/her. Use of a 
growth chart to consistently monitor the infant’s growth can provide more substantial 
information about the infant’s overall health in the long run. Likewise, the NICU nurse is 
in an ideal position to educate the family of the infant, as well as to advocate for the 
patient if appropriate growth is not being achieved.  
The American Academy of Pediatrics recommends that preterm infants grow at a 
rate of 15 g/kg/day, a rate that duplicates the intrauterine growth velocity of a normal 
fetus during the 3
rd
 trimester (Steward, 2002). Therefore, in order to produce clinically 
meaningful data and positively impact clinical practice, it is our recommendation that 
future neonatal nutrition studies use g/kg/day as the primary indicator of growth.  
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